m INTRODUCTION
Fractures of the distal humerus are serious injuries that are difficult to treat. The complex articular anatomy, limited nonarticular bone stock of the distal fragment, associated articular and supracondylar comminution, and proximity of neurovascular structures combine to challenge the treating surgeon. The need for surgical management of these fractures is well established. 2, 5, 9, 11, 15, 17 Advances in the surgical implants and a systematic approach to these injuries have improved the functional results of treatment. Decision making is based on the fracture pattern, patient age, bone quality, degree of comminution, and existing comorbidities. This article reviews the literature and discusses the management of these difficult fractures.
m HISTORICAL PERSPECTIVE
The management of fractures of the distal humerus has evolved considerably over the last 3 decades. Before the 1970s, nonoperative treatment was considered a viable management strategy for most of patients. Nonoperative treatments included no treatment (bag of bones), traction methods to obtain and maintain reduction, and manual reduction with immobilization. 3, 12, 16, 28, 34 Early attempts at the surgical management of fractures of the distal humerus centered on limited internal fixation with mixed results. 20 The introduction of modern internal fixation techniques by the AO ushered in a new era in the management of these fractures. Yet, fractures of the distal humerus continued to trouble the treating surgeon.
Biomechanical investigation established the most rigid fixation construct using standard plates. 8 The concept of 90-90 plating grew out of this study. This provided a strategy for the management of these difficult fractures. Several authors have reported good results with these techniques but stressed the need to obtain rigid internal fixation of the medial and lateral column. 5, 7, 9, 10, 15, 17 Recent biomechanical data have shown that a medial reconstruction plate and lateral DuPont J plate are stronger than 2 reconstruction plates placed perpendicular to each other. 31 Parallel plating provides the ability to obtain bicortical fixation across the distal articular segment. 31, 32 Parallel plating has been successfully used to treat distal humerus fractures. 5, 24, 26, 27 m
INDICATIONS AND CONTRAINDICATIONS
The goal in treating distal humerus fractures is to obtain bony healing and to restore a stable and mobile articulation. Over the past 3 decades, there has been a steady move away from nonoperative treatments to operative treatments. Nonoperative methods of treatment often produced unacceptable functional results as Traditionally, fixation has been accomplished using straight plates bent at the time of surgery which can be applied in parallel or perpendicular to one another. Newer anatomic plating systems, with or without locking options, have been developed. Some of these plating systems are based on the practice of 90-90 plating, whereas others have departed from this approach and are applied along the medial and lateral column in parallel.
m PREOPERATIVE PLANNING
Standard anteroposterior and lateral radiographs are usually sufficient to determine the overall fracture configuration. However, certain fracture patterns such as low transcondylar fractures and coronal shear fractures of the capitellum can be difficult to visualize on routine radiographs. A traction anteroposterior radiograph may provide adequate imaging of the fracture pattern, but some of the subtle features of the fracture may be underappreciated.
The development of advanced imaging modalities has improved the ability to determine fracture configuration. Three-dimensional computed tomographic images, particularly when the ulna and radius can be subtracted from the final images, significantly improve visualization of the distal humerus fracture pattern. 21, 29 m SURGICAL TECHNIQUE
Exposure
The patient is placed in either the supine or lateral decubitus position with the arm maintained over a lateral arm support. The supine position provides the ability to freely manipulate the elbow for exposure. However, gravity against the forearm can make fracture reduction difficult. The lateral decubitus position with the arm supported over a lateral arm holder is our preferred position (Fig. 1) . In this position, the arm is maintained on a stable base, and the effect of gravity is minimized, facilitating fracture reduction. An arm positioner such as a McConnell (McConnell Orthopedic Manufacturing Company, Greenville, Tex) or Spider (Tenet Medical Engineering, Calgary, Alberta, Canada) will allow the forearm to be placed in space without the need for an assistant to hold the arm.
A tourniquet provides a bloodless field for surgery but should be deflated before the conclusion of surgery, and hemostasis is obtained before wound closure.
A posterior skin incision is used, and medial and lateral subcutaneous flaps are elevated. The ulnar nerve is identified and dissected from the arcade of Struthers to the first motor branch to the flexor carpi ulnaris and transposed into a subcutaneous position.
Exposure to the distal humerus requires management of the triceps tendon through a family of posterior exposures. Broadly speaking, these exposures can be broken down into the triceps-sparing approaches, tricepsreflecting approaches, and olecranon osteotomy. The most appropriate approach is dictated by severity of articular involvement. With a noncomminuted intraarticular fracture or a supracondylar fracture, a tricepssparing approach can be used. When more extensive exposure is required, we prefer an olecranon osteotomy. Alternatively, a triceps-reflecting approach, such as the Bryan-Morrey 4 or triceps-reflecting anconeus pedicle 25 approach, can be used. However, I have experienced more difficulties with triceps dysfunction because of failure of the triceps to heal than with nonunion of the olecranon osteotomy or hardware problems. Therefore, my preferred approach for extensile exposure is an olecranon osteotomy. The medial intramuscular septum serves as a landmark to the posterior aspect of the humerus. The medial aspect of the triceps is dissected to the insertion on the ulna. Exposure of the joint is facilitated by excision of the posterior bundle of the medial collateral ligament. The fracture pattern is assessed, and the continuation of the exposure is planned. If the fracture pattern is amenable to a triceps-sparing approach, the lateral border of the triceps is developed along the supracondylar column to the lateral epicondyle. Shifting the triceps medially and laterally allows exposure of the medial and lateral supracondylar columns, respectively. If more extensile exposure is required, the triceps-sparing approach is easily converted to an olecranon osteotomy.
A chevron osteotomy is preferred to a transverse osteotomy because of the inherent stability that it provides during healing.
Fracture Reconstruction
Articular Surface Reconstruction. The goal of fracture reconstruction is to reestablish a functional articular surface that is healed to the supracondylar columns. Anatomic articular reconstruction can usually be obtained unless there is articular comminution or bone loss that prevents internal fixation. O'Driscoll 23, 24 and O'Driscoll et al 26 have outlined the importance of various portions of the distal humeral articular surface when there is articular comminution or bone loss that precludes fixation. Stability of the joint requires an intact medial trochlea and either the lateral trochlea or capitellum. The anterior articular surface holds primacy over the posterior articular surface. However, the interaction of the posterior articular surface with the olecranon process is critical to varus stability of the elbow. Articular width must be maintained. If bone loss prevents maintenance of the articular width, tricortical bone graft from the iliac crest can be interposed in the region of bone loss but should be recessed below the articular surface (Fig. 2 ).
14 The overall articular width of the distal humerus can be measured against the width across the proximal radius and ulna.
A variety of fixation techniques can be used for articular reconstruction. Free articular fragments can be fixed using headless screws; small screws recessed below the articular surface or threaded k-wires. Placement of these devices must take into account the eventual screw placement for plate fixation of the articular segment to the humeral shaft. Provisional sagittal plane fixation is held with a smooth k-wire until definitive plate fixation is achieved. With respect to screw placement in the articular segment, O'Driscoll 23, 24 and O'Driscoll et al 26 have proposed the following principles:
1. Every screw should pass through a plate. 2. Each screw should engage a fragment on the opposite side that is also fixed to a plate. 3. As many screws as possible should be placed in the distal fragment. 4. Each screw should be as long as possible. 5. Each screw should engage as many articular fragments as possible. 6. The screws should lock together by interdigitation within the distal fragment, thereby creating a fixedangle architecture that provides stability to the entire distal humerus. Based on these principles, it should be possible to achieve rigid internal fixation that permits immediate mobilization of the elbow (Fig. 3) Metaphyseal Reconstruction. Fixation of the articular segment to the humeral shaft through the metaphyseal region requires rigid fixation. When there is no supracondylar comminution, anatomic reconstruction with compression across the supracondylar region is possible. In the face of supracondylar comminution, compression across the supracondylar region is not possible. In this circumstance, the supracondylar region can be grafted from the iliac crest, or the humerus can be shortened through the metaphyseal region (Fig. 4) . If the comminution is confined to a single column, we prefer tricortical iliac crest grafting, whereas when there is bicondylar comminution, metaphyseal shortening is preferred.
The articular segment is provisionally fixed to the humeral shaft with smooth k-wires (Fig. 5) . This aligns the fragments and facilitates plate placement by eliminating the need to reduce and fix the fragments at the same time. Plate Fixation of the Fracture. Traditional teaching holds that fixation of the articular segment to the shaft occurs with plates placed at 90 degrees to one another. This may result in 2 or 3 unicortical screws in the distal fragment when the plate is applied along the posterolateral column. A different strategy is to maximize fixation in the distal fragment. The geometry of the articular surface permits bicortical fixation from the medial and With comminution of both the medial and lateral supracondylar columns, humeral shortening is performed. A, The distal humerus is reshaped by narrowing the medial or lateral column to allow the articular segment to be fitted to the narrowed proximal fragment. B, The final construct provides rigid fixation with maximal contact between the articular segment and the humeral shaft.
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There are a variety of plating systems available to achieve fixation. Traditionally, straight plates are contoured to the anatomy of the distal humerus at surgery. Because the 3-dimensional anatomy of the distal humerus is complex, plate contouring at the time of surgery adds unnecessary work to an already difficult surgery. The DuPont lateral column plate (Stryker Orthopaedics, Kalamazoo, Mich) was the initial anatomic distal humerus plate. 35 Since that time, a number of anatomic plating systems have been developed for the medial, lateral, and posterolateral aspects of the distal humerus. Each of these plating systems has a unique feature that either applies the 90-90 or parallel-plating principles. In addition, some systems allow critical and noncritical locking of the screws to the plate, increasing the rigidity of the construct. Finally, some plating systems are manufactured from titanium, whereas others are stainless steel. To date, there are no proven advantages of one plating system over another. The authors currently uses the Acumed Mayo Congruent Elbow plating system (Acumed LLC, Hillsboro, Ore). The technique described applies to the application of this plating system. Unique aspects of other plating systems will not be discussed in this text but can be obtained from the manufacturer.
The plates are provisionally applied to the lateral then medial column and fixed to the articular segment with smooth k-wires of a size matching the root diameter of the definitive screw to be placed (2.0 mm). A screw is placed in the slotted hole of each plate but not fully tightened (Fig. 6) . Compression is applied across the articular fragments if there is no comminution that would narrow the articular width. With the distal fragment controlled, the articular segment is attached to the shaft with a single screw from medial to lateral and one from lateral to medial (Fig. 7) . A large tenaculum bone reduction clamp is used to apply compression across the lateral supracondylar column, if fracture comminution does not preclude it. Additional screws in the shaft and across the articular segment complete the lateral column plating. A similar sequence of steps is used to apply the medial plate (Fig. 8) . In all, at least 4 and ideally 6 screws (3 from lateral to medial and 3 from medial to lateral) engage the articular fragment. The screws should interdigitate, adding significantly to the stability of the fixation construct. 
Techniques in Shoulder and Elbow Surgery
At least 3 bicortical screws (6 cortices) should be placed from the medial and lateral plates (Fig. 9) .
Postoperative Course and Rehabilitation
The primary focus in the immediate postoperative period is management of the soft tissues. A subcutaneous drain is typically placed at wound closure to prevent the development of a hematoma which can compromise the skin. A soft roll cotton dressing with an anteriorbased extension splint provides for edema control while relieving tension on the posterior skin flaps. A cold therapy pad is applied to the posterior elbow above several layers of soft cotton padding but below the majority of the dressing. The arm is elevated in a foam elbow sling from an intravenous pole with the shoulder and arm supported on pillows. Continuous-flow cold therapy is maintained for the first 24 to 48 hours. Once the drainage reduces, the dressing is removed, and range of motion is initiated.
An elastic cotton elbow sleeve is applied to control swelling, and the patient is instructed in active assisted range of motion in flexion, extension, pronation, and supination if the fracture fixation is rigid enough to allow it. For most fractures, proper internal fixation techniques will allow early range of motion. However, if the fracture pattern is such that the rigidity of the internal fixation is in question, healing is favored over early range of motion. A healed stiff elbow is preferred over a nonunited mobile elbow because contracture release is more predictable as a second operation compared with repair of a nonunion.
Early motion prevents intraarticular adhesions and promotes edema control by pumping fluid from the soft tissues about the elbow. The patient is encouraged to maintain the elbow elevated to promote fluid flow out of the extremity when not performing exercises.
Fracture healing is closely followed because more aggressive joint mobilization and strengthening can begin once fracture healing is visualized radiographically. Loss of motion is most common in the flexion FIGURE 8. Supracondylar compression is applied if comminution does not preclude it. A, A large tenaculum bone reduction forceps achieve compression across the lateral column first. Once compression is achieved, a screw is placed in the humeral shaft across the lateral plate. B, Similarly, compression is achieved across the medial column, and a screw is placed in the humeral shaft across the medial plate. The remainder of the screws in the humeral shaft and across the articular segment is placed completing fixation. 
Complications
Complications following distal humerus fractures are common. Some of the complications are inherent in the injury itself, whereas others are the result of treatment. Stiffness is the most common complication following distal humerus fractures and can be due to many factors. Intraarticular and extraarticular adhesions, articular incongruity, intrinsic cartilage abnormalities, heterotopic ossification, and postoperative immobilization all contribute to loss of motion.
The degree of cartilage injury at the time of injury may lead to intrinsic cartilage abnormalities which the treating surgeon has little hope of positively affecting. It is essential to obtain rigid fixation of the articular fragments so that early range of motion can be initiated to nourish the articular cartilage. Postoperative immobilization in the face of significant articular involvement will lead to intraarticular adhesions that will further compromise the integrity of the articular surface.
Stiffness that persists despite a splint program may require a contracture release between 6 and 12 months postoperatively. Hardware can be removed at the time of contracture release but should be performed after the contracture is managed and any manipulation is performed. Removal of hardware before contracture release is complete risks fracture during manipulation of the elbow.
Heterotopic ossification that limits motion is uncommon. 13, 15 A patient who begins to progressively lose motion after a period where the arc of motion is greater should be evaluated for the development of heterotopic ossification. If heterotopic ossification is identified, forced motion should be discontinued while the heterotopic ossification matures. There is some debate about the timing of excision of the heterotopic ossification. Historically, the heterotopic ossification is allowed to mature for 1 year or when a bone scan does not show increased uptake on the delayed phase of the study. More recently, many are opting to remove heterotopic ossification when the bone is well marginated with trabecular bone radiographically, as early as 3 months. 18 Neurological compromise of the radial, median, or ulnar nerves can occur in association with distal humerus fractures. 13, 15, 30, 33 Postoperative ulnar nerve dysfunction is common. The ulnar nerve should be transposed subcutaneously in all cases where there will be fixation along the medial column. Leaving the ulnar nerve in its anatomic position risks injury during hardware placement or entrapment in the cubital tunnel by scar in the postoperative period.
Nonunion of fracture of the distal humerus is the result of fixation failure before complete osseous union. 1, 6, 13, 15, 19 Inadequate or unstable internal fixation can contribute to nonunions. Classic teaching holds that fixation should be applied in 2 perpendicular planes. However, Schemitsch et al 31 have demonstrated that plates applied in parallel along the medial and lateral column are biomechanically stronger than plates applied perpendicular to one another. Plate fixation on the posterior aspect of the lateral column results in unicortical fixation in the lateral aspect of the distal fragment. O'Driscoll 23, 24 and O'Driscoll et al 27 believe that limited lateral fixation in the distal fragment combined with varus forces across the elbow with activities of daily living contributes to fixation failure through the supracondylar region. Parallel plate fixation permits bicortical fixation from both the medial and lateral sides across the articular segment.
Extensor dysfunction results when the triceps fails to heal to the olecranon following triceps-reflecting approaches. Triceps dysfunction is an underappreciated problem following triceps-reflecting approaches. O'Driscoll 22 described a triceps-reflecting anconeus pedicle approach in an effort to minimize triceps problems. It remains unknown whether this approach decreases triceps complications. Recognized triceps dysfunction should be managed with surgical reattachment or soft tissue augmentation when necessary. In low-demand elderly patients, triceps dysfunction may be managed expectantly. However, the patient will not be able to extend against gravity or resistance. Techniques in Shoulder and Elbow Surgery
